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Description 

[0001 ] This invention relates to the art of coating sub- 
stances in the solid liquid or gaseous state, particularly 
solid particles and solid articles, especially solid articles s 
with complex geometries or finite internal porous struc- 
tures. In particular, this invention relates to a method for 
embedding or coating preformed particles or articles in 
solid liquid or gaseous state within a coating material to 
produce microparticles having an active substance 10 
entrapped in a layer of coating material. Such composi- 
tions are useful for applications that require protection, 
prolonged release, controlled release, taste masking, 
improved stability, altered handling behavior, altered 
surface properties including particle wettability, and is 
other desirably altered properties. 

BACKGROUND OF THE INVENTION 

[0002] Many techniques for coating substances have 20 
been developed over the years. Nevertheless, there is a 
persistant need for new techniques able to coat a wide 
range of preformed solid particles. The reasons for this 
need are numerous. For instance, new applications for 
solid particulate materials and articles are developed 25 
consistently thereby requiring improved coating meth- 
ods. Also, new coating materials are developed and 
require for their application new coating protocols. Fur- 
thermore, many existing coating protocols require the 
use of solvents which are often toxic or hazardous either 30 
to the environment, to personnel involved in a given par- 
ticle coating protocol, or to the user of the particle. The 
latter situation arises when the final coated particle 
retains a finite amount of solvent(s) used in the coating 
of coated solid particles or articles. Further, solvents 35 
used in conventional solid particle or article coating 
processes may attack and partially dissolve the solid 
particles or articles being coated thereby altering prop- 
erties of the solid particles or articles in some manner. 
Additionally, solvent-based coating formulations may 40 
cause mean size of particulate compositions being 
coated to increase measurably due to agglomeration 
caused by the nature of the solvent-based coating at the 
time of application. 

[0003] A preponderance of current solid particle and 45 
article coating protocols involve deposition of liquid 
coating formulations on the surface(s) of the solid com- 
positions being coated followed by solidification of said 
coating formulations. Solidification may occur because 
solvent is removed from the applied coating formula- so 
tions, because the initially liquid coating formulations 
solidify due to cooling (e.g., they crystallize or pass 
below a glass transition temperature of the coating for- 
mulation during a cooling step), because initially liquid 
coating formulations are polymerized to a solid during ss 
the coating protocol, or because of a combination of 
these factors. 

[0004] Supercritical fluids (SCF) in general, and 



supercritical carbon dioxide (SC C0 2 ) in particular, are 
prime vehicles by which improved coating technology 
can be developed and applied. They are protrayed as 
environmentally friendly fluids which can be used for a 
variety of economically useful purposes. 
[0005] US-A-4,598,006 discloses a method for 
impregnating a thermoplastic polymer with an impreg- 
nation material such as a fragrance or pest control 
agent or pharmaceutical composition wherein the 
impregnation material is dissolved in a volatile swelling 
agent for the thermoplastic polymer, said swelling agent 
being maintained at or near supercritical conditions. 
[0006] US-A-5,043,280 discloses a method and appa- 
ratus for the manufacture of a product having a sub- 
stance embedded in a carrier that involves the use of a 
supercritical gas or supercritical fluid (SCF). The 
method consists of passing a liquid that contains a sub- 
stance and carrier through a nozzle into a chamber 
loaded with a SCF thereby forming a gaseous mixture 
of the SCF and liquid medium, followed by separating 
the gaseous mixture of SCF and liquid medium to pro- 
duce a sterilized product comprising a substance 
embedded in a carrier. 

[0007] Tom and Benedetti (1 ) describe the preparation 
of non coated particles by sudden expansion through a 
nozzle of a supercritical solution of a substance. 
[0008] On the contrary, the invention provides a proc- 
ess for the preparation of coated microparticles having 
a core encapsulated in a coating material. The coating 
material is dissolved in the supercritical fluid and the 
active substance is suspended in it. The temperature 
and/or pressure of said supercritical fluid is reduced 
under controlled conditions. 

SUMMARY OF THE INVENTION 

[0009] The invention relates to a process for entrap- 
ping an active substance, preferably a solid particle or 
an inert porous solid particle having the active sub- 
stance absorbed therein, in a coating material. The 
process comprises suspending an active substance in a 
supercritical fluid containing a coating material dis- 
solved therein under conditions which cause substan- 
tially no swelling and/or dissolution effect on the inert 
porous solide particle or the active substance if the 
active substance is in the solid state. The temperature 
and/or pressure of the supercritical fluid is then gradu- 
ally reduced under controlled conditions to reduce the 
solubility of the coating material in the supercritical fluid 
to cause the coating material to be deposited onto the 
active substance. Particularly, the process is character- 
ized in that the active substance is in the form of liquid 
droplets, gas, preferably in the form of solid particles or 
in the form of a liquid in which the solid substance is 
being dissolved, the liquid absorbed in a porous solid 
substrate. The liquid droplets, gas or preferably the solid 
particles are constantly agitated or stirred during their 
exposure to the supercritical fluid containing the coating 
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material dissolved therein. More particularly, the active 
substance is a solid particle and the conditions under 
which the solid particle is coated by the coating material 
are chosen to maintain the physical integrity of the solid 
particle in other words to avoid solubilization of the solid 
particle throughout its contact with the SCR 
[001 0] The microparticles obtained by the process of 
the invention comprise an active substance, preferably 
an active substance in the form of a solid particle or an 
inert porous solid particle having absorbed therein an 
active substance in the liquid state or dissolved in a suit- 
able solvent, the active substance or the inert solid 
being entrapped within a coating including a layer of a 
coating material. The microparticles are characterized 
in that the layer of coating material is conformational ly 
distributed on the active substance and has a thickness 
ranging from the thickness of a mono-molecular layer to 
about 100 urn, preferably to about 40 urn. Preferably, 
the active substance found in the microparticles of the 
present invention is a central core comprising a liquid, 
gaseous or solid particle of regular or irregular shape. In 
the case of a solid particle of irregular shape, the coat- 
ing of the microparticles of the present invention follows 
the surface of the particles being coated, including inter- 
nal pores and crevices. The particle size of the micro- 
particles of the present invention ranges in diameter 
from 1 nm to about 1 cm, preferably from 20 nm to 100 
urn. 

[0011] In another embodiment of the present inven- 
tion, the coating of the microparticles obtained by the 
process of the present invention comprises a plurality of 
layers of identical or different coating materials. The 
thickness of each layer may be identical or different. 
[001 2] The composition obtained by the process of the 
present invention can also comprise a plurality of micro- 
particles of even or uneven size distribution. The micro- 
particles comprise an active substance 
conformationally entrapped within a layer of a coating 
substance having a thickness ranging from the thick- 
ness of a monomolecular layer to about 1 00 urn. Prefer- 
ably, the active substance of the microparticles forming 
the composition of the present invention is a central 
core comprising a solid particle. 
[001 3] The process of the invention can also comprise 
further step in which the coating material deposited onto 
the active substrate is cured in a controlled manner. 
[0014] In practising the process of the present inven- 
tion, the active substance and the coating material can 
be placed in an autoclave which is then filled with a 
supercritical fluid under conditions of temperature and 
pressure required to dissolve the coating material in the 
supercritical fluid. Alternatively, the active substance 
can be placed in a autoclave which is then filled with a 
supercritical fluid containing the coating material 
already dissolved therein. 

[001 5] The process of the present invention is carried 
out in an apparatus for depositing a coating material dis- 
solved in a supercritical fluid onto an active substance. 



The apparatus comprises a reservoir/reaction chamber 
capable of receiving and maintaining a gas under 
supercritical conditions, and a pressurizable reaction 
chamber in fluid communication with the reservoir/reac- 

5 tion chamber. The reaction chamber comprises stirring 
means to suspend the active substance when the 
supercritical fluid is introduced in the reaction chamber. 
The apparatus also comprises means for controlling the 
temperature and/or the pressure in the reaction cham- 

10 ber. Preferably, the stirring means is an agitator includ- 
ing a magnetic transmissions stirrer. 
[0016] Particularly, the apparatus can further com- 
prise reservoir means in fluid communication with the 
supercritical gas condensor for dissolving the coating 

15 material in the supercritical fluid. 

[001 7] The final result is coated active substances in 
the form of solids, liquids, gases, particles or articles 
with desireable properties obtained without the use of 
usual organic solvent(s). The coated active substances 

20 have a controlled thickness and/or geometry of coating 
material and are isolated after the coating system is 
depressurized to atmospheric pressure and returned to 
room temperature if the coating was done at some tem- 
perature other than room temperature. 

25 [001 8] Particularly the invention relates to the coating 
of preformed solid particles or articles by controlled 
changes in a system that initially contains a mixture of a 
SCF and a coating material dissolved thereon. The mix- 
ture is maintained at temperature and pressure condi- 

30 tions under which the solid particles or articles are 
insoluble in the SCF. The temperature and /or pressure 
of the system is subsequently altered in such a manner 
as to cause controlled precipitation and/or crystalliza- 
tion of the coating material from the SCF phase onto the 

35 surface of the exposed solid particles or articles thereby 
forming coated solid particles or articles. The solid par- 
ticles can be porous inert particles in which is absorbed 
an active substance dissolved in a solvent not miscible 
or having a substantially weak affinity for the SCF in 

40 which the coating substance is dissolved. 

[001 9] One of the important advantages of the proc- 
ess of the present invention resides in the fact that the 
resulting microparticles are substantially free of pores 
exposing the active material either in liquid, gaseous or 

45 solid form, to external conditions. The reason for this is 
that since the active substance is not dissolved in the 
SCF, upon return to normal pression conditions, the 
SCF does not escape from the central core to create 
important channels in the coating material and if the 

so active substance is a solid particle. The SCF only 
escapes from the thin layer of coating material and tem- 
perature and pression conditions can be varied to pro- 
mote a gradual escaping of the SCF from the coating 
material, thereby avoiding substantial pore formation. 

55 Also, because the process of the present invention does 
not require spraying of the active substance under 
which coating must be performed very quickly, and 
because the active substance is not solubilized in the 
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SCF, it is possible to successively apply multiple layers 
of either identical or different coating materials onto the 
active substance. In order to do so, the temperature and 
pressure parameters of the SCF can be varied in a con- 
trolled manner to achieve desired dissolution and sub- 5 
sequent solidifying of the coating material. 
[0020] In the drawings: 

Figure 1 illustrates a complete schematic represen- 
tation of a preferred embodiment of the apparatus 10 
useful to carry out the process of the invention ; 
Figure 2A is a photograph of untreated bovine 
serum albumine ; 

Figure 2B is a photograph of a bovine serum albu- 
mine treated with gelucire 50/02 ; is 
Figure 3 is a photograph of juvamine treated with 
gelucire 50/02 ; 

Figure 4 is a photograph of bovine serum albumine 
treated by Beeswax ; 

Figure 5 is a photograph of hemoglobin treated with 20 
Beeswax; 

Figure 6 shows untreated juvamine and juvamine 
treated by Beeswax; 

Figure 7 is a photograph of juvamine shown in fig- 
ure 6, 1 5 seconds after addition of a drop of water; 25 
Figure 8 is a photograph of juvamine shown in fig- 
ure 6, 2 minutes after addition of a drop of water. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 30 

[0021] In accordance with the method of this inven- 
tion, coating materials dissolved in a SCF are deposited 
in a controlled manner on the surface of active sub- 
stances such as solutions of active substances, melted 35 
active substances emulsions, solid particles or articles 
which are insoluble in or unaffected by SCF, thereby 
producing the desired coating. 

Coating materials 40 

[0022] Preferred coating materials are materials solu- 
ble in a SCF (e.g., supercritical C0 2 ) under conditions 
that do not substantially alter or affect the substrate 
being coated or the material(s) being used as coating 45 
material(s). Candidate coating materials include materi- 
als typically generically classified as lipids. Specific 
examples are mono- di- and tri-glycerides of various 
fatty acids like monostearin, distearin, tristearin, mon- 
opalmitin, dipalmitin, tripalmitin, monolaurin, dilaurin, tri- so 
laurin, as well as various combinations of these and 
related fatty acid glycerides. Glycerides produced by 
acetylation of mono- or di-glycerides, or by hydrogena- 
tion of various liquid glycerides to thereby produce solid 
fats (e.g., hydrogenated vegetable oils of all types) are ss 
also candidates. Other candidate lipids are fatty alco- 
hols like stearyl alcohol and palmityl alcohol, fatty acids 
like stearic acid, palmitic acid, myristic acid, and lauric 



acid, and combinations of these materials with other lip- 
ids. Still other candidate generic lipids are assorted 
waxes like beeswax, caranauba wax, paraffin waxes, or 
combinations of these and other waxes with each other 
or with the assorted glycerides mentioned previously. 
Still other candidate lipid coating materials are choles- 
terol, various cholesterol derivatives, and various com- 
binations of these lipids with various combinations of 
the aforementioned lipids known as glycerides, fatty 
acids, fatty alcohols, and waxes. Still other candidate 
coating materials are lecithin, shellac, and natural or 
synthetic organic polymers of assorted types. 
[0023] Some of the substances which can be used as 
coating substances in the context of the present inven- 
tion can require the use of an entrainer substance for 
the solubilization into the SCF. An entrainer is a sub- 
stance that when dissolved in small amounts in a SCF 
greatly increases solubility of the material(s) being dis- 
solved in the SCF, in the present case, the coating 
material(s), without having substantial effect on the SCF 
properties of the primary component of the SCF system 
or density of the SCF system. 

[0024] Specific nonlimiting examples of coating mate- 
rials that often require the use of an entrainer include 
shellac, as well as natural or synthetic polymers such as 
assorted polyester and polyanhydride polymers com- 
monly classified as biodegradable. Such polymers 
include all poly(lactide) homopolymers and copolymers 
with glycolic acid as well as polyglycolide homopolymer. 
Such polymers as well as their properties are described 
in detail in EP-A-052510, US-A-3 887 699, EP-A- 
0548481 and US-A-3 773 919. Poly(e - caprol acton e), 
poly(p - hydroxybutyrate), poly(hydroxyvalerate) and p- 
hydroxybutyrate-hydroxyvalerate copolymers. Other 
candidate coating materials that may require the use of 
an entrainer include a variety of polymers formed by 
free radical polymerization or polycondensation repre- 
sentative examples of which include polystyrene, 
poly(methyl methacrylate), polyvinyl chloride), polyvi- 
nyl alcohol, polyvinyl esters (like polyvinyl acetate or 
polyvinyl phtalate), and polyvinyl pyrolidone, poly(dime- 
thyl siloxane), polysulfone, assorted polyamides (or 
nylons), poly(ethylene terephthlate), polyolefins like 
polypropylene, polyethylene and its copolymers with 
acrylic or methacrylic acid or acrylate esters like methyl 
methacrylate and butyl methacrylate, polysaccharides 
and their derivatives such as cellulose, chitosan, car- 
raghenane and their derivatives. 
[0025] Combinations of assorted coating materials 
can be applied either by sequential deposition of the dif- 
ferent candidate coating materials under different SCF 
operating conditions or, if different combinations of coat- 
ing materials are deposited simultaneously, said depo- 
sition of combinations of materials occurs from a given 
SCF system under conditions where, prior to the depo- 
sition step, said combination of coating materials has 
measurable solubility in the SCF system being used 
and during the coating material deposition step, said 
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combination of materials has equal affinity for the sur- 
face being coated so that one material is not deposited 
to the total exclusion of the other material(s). 

Supercritical fluids 

[0026] In the case of supercritical C0 2 (SC CO2), typ- 
ical initial operating conditions will be approximately 31 
to 80° C and pressures of 70 to 250 bars, although 
higher values of either or both parameters can be used, 
provided, of course, that the higher values have no del- 
eterious effect on the substrate being coated. With SCF 
systems other than SC C0 2 „ minimal operating temper- 
atures and pressures will be those necessary to form a 
SCF with such systems. Ref. 2 specifies these condi- 
tions for a number of materials commonly used as SCF. 
Tom and Debenedetti (Ref. 1) say that normally the term 
supercritical is reserved for fluids that exist within the 
following approximate reduced temperature and 
reduced pressure range: 1.01 <Tr < 1.1 and 1.01 <Pr< 
1.5, where T r , the reduced temperature, is the ratio of 
the actual operating temperature (°K) of the system to 
the critical temperature (°K) of the material (s) that 
serves as the SCF while P r , the reduced pressure, is the 
ratio of the actual operating pressure (can be specified 
in any established pressure units) of the system to the 
critical pressure (same pressure units used to specify 
the actual operating pressure) of the material(s) that 
serves as the SCF. In all cases, maximal operating tem- 
peratures and pressures for the purpose of this disclo- 
sure will be defined as those that begin to cause 
measurable undesireable alteration of properties of the 
substrate(s) being coated. These maximal operating 
conditions normally are conditions that cause melting of 
the substrate, in case preformed solid particles are 
used, chemical degradation of the substrate, or some 
other undesireable change in property of the substrate. 
The SCF used may or may not contain an entrainer. As 
noted above, an entrainer is defined as a substance 
deliberately added to a SCF system in small amounts in 
order to enhance solubility of a given substance(s) in 
said SCF system. When an entrainer is present in a 
small amount in the SCF (e.g., <5 %), an amount so 
small that its presence has essentially no effect on the 
conditions needed to enter the supercritical state of the 
primary component of the SCF system, it greatly 
enhances solubility properties of the coating material(s) 
in the chosen primary SCF component. Candidate 
entrainers include but are not limited to ketones, alco- 
hols, esters and chlorinated solvents, as well as other 
well recognized organic solvents and plasticizers. 
Entrainers are used in cases where the candidate coat- 
ing material(s) has little solubility in the preferred SCF. 

Substances to be coated 

[0027] The active substances to be coated using the 
process of the present invention can be either liquids, 



solids or gases but are preferably liquids and solids. The 
only requirement is that these substances be or have 
the possibility to be rendered insoluble in the SCF in 
conditions required to dissolve the coating material. 

5 [0028] Examples of active substances which can be 
coated in accordance with the present invention include 
organic and inorganic compounds and peptides which 
find applications in pharmaceutical compositions, agro- 
chemical compositions, human and animal food compo- 

10 sitions, imaging compositions, ink compositions, 
cosmetic compositions, fragrance compositions, adhe- 
sive compositions and the like. Particularly, preferred 
are pharmaceutical compositions which may require a 
coating either to mask the taste or to enable sustained 

15 release of active substances embedded in biodegrada- 
ble polymers such as those mentioned above. Preferred 
active substances include cimetidine, ranitidine, ibupro- 
fen, acetaminophen, erythromycin, LHRH analogs such 
as buserelin, deslorelin, gonadorelin, goserilin, histrelin, 

20 leuprorelin, nafarelin or triptorelin, pamoate, tannate, 
stearate or palmitate of a naturally occurring or syn- 
thetic peptide comprising from 3 to 45 amino acids 
including LHRH, somatostatine, GH-RH or calcitonine . 
Other active substances include neurotrophic factor, cil- 

25 iary neurotrophic factor, fibroblast growth factor, glial 
derived neurotrophic growth factor, brain derived neuro- 
trophic factor nerve growth factor, vaccines, insuline, 
morphine and its derivatives and antibiotics. 
[0029] In the event the substance to be coated is a 

30 solide particle, a wide variety of solid particles can be 
coated using the process of the invention. 
[0030] Examples are powders formed by crystalliza- 
tion, precipitation, pyrolysis, or evaporation of solvent 
from a solution that initially contained a dissolved sol- 

35 ute, powders formed by grinding, milling, crushing, or 
any other mechanical size reduction process, powders 
formed by polymerization of monomers to form poly- 
meric particles, powders formed by granulation, prilling, 
and encapsulation techniques including spray drying, 

40 hot melt processing, and extrusion-coextrusion 
processing, naturally occurring powders such as clays 
and inorganic pigments, and powders formed by any 
other means. A significant feature of the process of the 
present invention is that it can be used to coat particles 

45 of a wide range of geometries including particles of very 
regular and irregular geometry. The process can be 
used to coat perfect spheres, highly regular but non- 
spherical crystals having a wide range of characteristic 
crystal habits (e.g., cubic, octahedronal, triclinic, etc.), 

so and highly irregular particles typical of those formed by 
by conventional size reduction processes. Porous solid 
particles and articles are additional candidate sub- 
strates to be coated by the process disclosed herein 
because the process involves controlled deposition of a 

55 coating by "condensation" , precipitation, or crystalliza- 
tion of the intended coating material on the surface of 
the solid particles and articles directly from the super- 
critical state so that there is no concern about a viscous 
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coating solution formed with conventional solvents ade- 
quately penetrating the pores and crevices of the sub- 
stance to be coated. Indeed, a feature of the coating 
technology disclosed in this application is the ability of 
this technology to deposit a conformational coating. 
That is, a coating that follows the surface of the parti - 
cle(s) or article(s) being coated including internal pores 
and crevices. Further, coatings composed of different 
coating materials can be deposited in layers onto the 
external and internal surfaces of solid particles and arti- 
cles desired to be coated, said coatings ranging in thick- 
ness from molecular dimensions up to macroscopic 
dimensions, preferably from the thickness of a mono- 
molecular layer to about 100 |nm, preferably to about 40 
jjm. 

[0031] In one of the applications of the present inven- 
tion, a porous solid particle is used to allow coating of 
an active substance which for example cannot be made 
solid at the desired temperature. In these situations, the 
active substance is usually either in the liquid state or for 
instance dissolved in a solvent which has no affinity for 
the SCR The active substance is absorbed in the 
porous solid particle. If the amount of liquid absorbed on 
the porous solid particle is such that the strutural integ- 
rity of the particle can be maintained for at least a lim- 
ited period of time of about 30 minutes to 4 hours. The 
porous particle can be coated using the process of the 
present invention. The absence of affinity or miscibility 
of the liquid containing the active substance for the SCF 
further maintains this liquid in the porous substrate and 
avoids deep penetration of the SCF in the pores of the 
substrate. Once the porous substrate has been coated 
using the process of the invention, the active substance 
is trapped in the solid substrate and is released from it 
as the coating dissolves. 

[0032] An additional feature of the coating process 
disclosed herein is that it can be used to deposit, as a 
coating on a solid substrate, a specific fraction of mate- 
rial from a candidate coating material that is in reality a 
complex mixture of different components and not a sin- 
gle component material. This type of precise deposition 
of coating material is something that is vertually impos- 
sible to do by other coating techniques. Many, if not 
most, candidate coating materials in commercial use 
are known to be complex mixtures of various sub- 
stances. Nonlimiting examples include natural materials 
like fats and waxes, materials derived from natural 
materials like hydrogenated fats, and synthetic materi- 
als like paraffin waxes. Other materials often sold as 
essentially single component materials may contain up 
to 5-10 % of assorted other components often classified 
as impurities, it being well known that production of 
absolutely pure materials for commercial use is gener- 
ally a prohibitively costly task for commercial coating 
processes. The assorted substances present in many 
materials, such as those mentioned above, affect prop- 
erties of the coated material in some manner. Accord- 
ingly a SCF pre-extraction step under a specific set of 



operating conditions can be carried out in order to 
selectively remove assorted components of a candidate 
coating material deemed to be undesireable for a 
planned application thereby providing a precisely puri- 

5 fied material that can be used as the coating material. 
Remarkably, this step can be conveniently carried out 
immediately before deposition of the coating material on 
a substrate is made to occur, so there is no question 
that the coating material is properly purified at the time 

10 it is deposited on a substrate. Another possibility is to 
use a specific set of SCF operating conditions to selec- 
tively extract very specific component(s) from a complex 
mixture and subsequently cause said component(s) to 
deposit on a substrate thereby producing a coating that 

T5 is made up only of the specific selected component(s). 

General outlines of the process of the invention 

[0033] Deposition of a coating by the process dis- 
20 closed herein involves altering the temperature and 
pressure of a SCF in which the desired coating mate- 
rial^) is dissolved. This alteration is carried out in a con- 
trolled manner so that the desired coating material(s) 
either crystallizes on the surface of the substrate being 
25 coated or precipitates there. The process disclosed 
herein is not based on rapid precipitation, with or with- 
out subsequent crystallization, of materials initially dis- 
solved in a SCF, to form free or self-standing small 
particles containing a combination of active substance 
30 or carrier material. This type of configuration, if it occurs, 
is the result of improper system operating conditions for 
deposition of the intended coating material(s). The 
process disclosed here is based on the controlled dep- 
osition of coating material(s) on the liquid droplets of an 
35 emulsion, on a volume of gaseous particles or on the 
external and internal surfaces of preformed solid parti- 
clefs) and article(s). 

[0034] In the case of solid particles, the molecular 
interactions or attractions of dissolved solutes for solid 
40 surfaces are used to initially attract and guide the coat- 
ing molecules, initially dissolved in the SCF system 
used to the surface being coated. This phenomenon in 
conventional liquid/solid and gas/solid systems is 
known as adsorption. The SCF containing the dissolved 
45 coating material(s) can be viewed as a solution, per- 
haps a nonconventional solution since the solute is dis- 
solved in a SCF, but nevertheless a solution in which the 
coating material(s) is molecularly dissolved and hence, 
a solution from which solute adsorption can occur to 
so thereby form a coating which can serve many useful 
functions and have many different compositions, thick- 
nesses and properties. The coating material(s) dis- 
solved in the SCF are solutes that can freely penetrate 
space that the SCF penetrates provided their molecular 
55 size allows them to pass into an internal pore or fissure 
or crack in a given solid particle or article and hence, 
can be deposited therein. There is no concern about 
problems of making a viscous coating solution pene- 
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trate internal pores, cracks, and fissures characteristic 
of many solids. 

[0035] Hence, when a solid substance is to be coated 
according to the process of the invention, adsorption of 
a specific coating material is made to occur and/or s 
slowly enhanced during the process disclosed herein by 
altering the temperature and/or pressure of the continu- 
ous phase which initially consists of a SCF in which the 
coating material is dissolved, in an autoclave in a con- 
trolled manner. This involves a reduction in one or both 
parameters at a specified rate to a specified value of 
both parameters. Adsorption of molecules of the coating 
material by the surface(s) to be coated is critical to the 
success of the process disclosed here. If this cannot be 
made to occur, the coating material will not be depos- 
ited upon the surface of the subsirate being coated. 
Once adsorption of coating material on the substrate to 
be coated occurs, further deposition of coating mate- 
rial^) will be made to occur by continued controlled 
reduction of T and/or P inside the autoclave until all mol- 
ecules of the intended coating material originally dis- 
solved in the SCF have been deposited on the solid 
surface being coated. Depending upon the amount of 
coating material initially dissolved in the SCF, one can 
produce coatings that are of molecular thickness dimen- 
sions or macroscopic thickness dimensions. The coat- 
ing may be a crystalline or amorphous phase 
depending upon the ability of the coating material to 
crystallize either during or after the coating process. 
Further, it may be deemed desirable to adjust coating 
conditions such that the coating material(s) deposit on 
the substrate being coated in such a manner that a uni- 
form film or coating is not produced, but a coating of 
some other geometry is produced. In such cases, the 
"coating" would form a unique geometric combination of 
substrate and coating material which deviates signifi- 
cantly in structure from a conventional film coating. 
[0036] Significantly, as the temperature and pressure 
inside the autoclave are reduced during the coating pro- 
cedure, the SCF material that forms the continuous 
phase in the autoclave and initially acts as a solvent for 
the substance being deposited as a coating generally 
passes from the SCF state into a binary mixture of liquid 
and gas phase, and as the system becomes totally 
depressurized, this material passes into only a gas 
phase. Controlled deposition of the coating material on 
the substrate being coated can occur at various stages 
of this sequence of phase changes depending upon the 
coating material used and its solubility in the suspend- 
ing medium, originally a SCF . However, the most 
meaningful change in solubility properties of the coating 
material as temperature and pressure are altered 
occurs at or close to conditions that exist at the bound- 
ary between the SCF state and binary mixture of liquid 
and gas. Controlling the rate of change in temperature 
and pressure in this region is particularly important. 
[0037] Because of the versatility of the coating tech- 
nology disclosed herein and the ability of a SCF to pro- 



duce a solution of precisely defined components, 
specific T and P operating conditions required to 
deposit a given coating material on a given substrate in 
a given form can vary but can be defined by the person 
skilled in the art for each combination of substrate being 
coated and coating material. When the active sub- 
stance to be coated is a liquid similar considerations 
apply although the speed of agitation has an incidence 
on the size of the droplets that are coated. 
[0038] In order to carry out the process of the inven- 
tion, a measured weight of substrate to be coated (i.e. 
an emulsionable liquid or preformed particle(s) or arti- 
cle(s)), previously shown to be essentially insoluble in 
the SCF to be used and unaffected by said SCF under 
conditions to be used in the coating process), is placed 
in an autoclave equipped with an agitator and impellor 
able to be turned at a defined rate. The autoclave is 
sealed and the agitator is started. If the substance to be 
coated is a solid particle, constant agitation is required 
but it should be relatively moderate in order to avoid any 
disturbance of the structural integrity of the particle. Agi- 
tation speeds can normally vary between 200 and 400 
RPM. If the substance to be coated is in the form of a 
liquid, the control of the agitation speed is also impor- 
tant because it can be used to vary the size of the drop- 
lets of the emulsion formed between the supercritical 
fluid and the liquid active substance insoluble in it. Agi- 
tation speed for liquids normally ranges between 600 
and 1 000 RPM. Since the active substance to be coated 
is initially in a gaseous environment inside the auto- 
calve, the agitator has no effect on the active substance 
at this point. However, once the system is pressurized 
by introducing into the autoclave from an external 
source a substance (e.g., C0 2 ) which is then brought to 
supercritical conditions by changing temperature and/or 
pressure inside the autoclave, the substance placed in 
the autoclave becomes suspended in the SCF due to 
the agitation provided by the agitator and impellor. 
Active substances suspended in the SCF due to the agi- 
tation behave much like they are suspended in a con- 
ventional liquid or liquid solution. 
[0039] The next step is to introduce the desired coat- 
ing material(s) into the autoclave as solute(s) dissolved 
in a SCF either by feeding into the autoclave a SCF 
solution of the desired coating material(s) or by placing 
the coating material inside the autoclave at the time the 
substrate to be coated is placed in the autoclave either 
as free coating material or coating material contained in 
a molecularly porous sac. If the coating material is 
placed in the autoclave in any manner, pressurization of 
the interior of the autoclave to produce a SCF state 
causes the coating mater ial(s) present inside the auto- 
clave to be dissolved in the SCF. In order to assure that 
the coating material has been solubilized, the system is 
equilibrated a finite time (e.g., 1 hr) before the coating 
process is continued. 

[0040] Once a finite concentration of coating mate- 
rial^) has been established in the SCF phase of the 
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autoclave, temperature and/or pressure inside the auto- 
clave are altered in a controlled manner so that solubil- 
ity of the coating material(s) present in the initial SCF is 
gradually reduced, continuous agitation being main- 
tained throughout this process. As a rule, such altera- 
tion involves reducing either the temperature or 
pressure in a controlled manner. Regardless of how this 
is accomplished, as solubility of the coating material(s) 
in the suspending phase of the autoclave decreases, 
affinity of said material(s) for the surface of the substrate 
being coated increases and they increasingly become 
adsorbed there. If solubility of the desired coating mate- 
rials) in the suspending phase is reduced at a suffi- 
ciently slow rate, the coating material (s) is transferred 
completely from the suspending phase onto the surface 
of the substrate being coated thereby forming a coating. 
Said coating can be deposited so that it follows the geo- 
metric shape of the substrate being coated to thereby 
form what is commonly termed a conformational coat- 
ing. Irregularly shaped particles and articles can be so 
coated, so the process does not require the substrate to 
have a regular (e.g., spherical or sphere-like) geometry. 
Further, thickness of said coating can vary from molec- 
ular to macroscopic dimensions. Of course, by the time 
that deposition of the desired coating material(s) on the 
intended substrate is complete, the operating parame- 
ters of the system may be so changed that the suspend- 
ing fluid is no longer a SCF, but has been transformed 
into a liquified state which is in equilibrium with its gas- 
eous state. Phase diagrams that illustrate specific con- 
ditions under which these different phases exist have 
been established for a variety of SCF systems. 
[0041] Once deposition of the desired coating mate- 
rials) is complete, the system is depressurized and the 
coated particle(s) or article(s) are isolated by removing 
them from the autoclave. 

[0042] A complete schematic version of a preferred 
embodiment of the apparatus useful to carry out the 
process of the present invention is illustrated in figure 1 . 
Referring now to figure 1 , the pressured gas bottle is 
connected to valve 1 which delivers the gas to con- 
denser C-1 , where it is liquified. The condensed liquified 
gas is stored in the reservoir R-1. This liquified gas can 
be fed to the reservoir R-2 using valve V2. The gas 
phase existing in the reservoir R-1 can also be trans- 
ferred to the reservoir R-2 via valve V3. 
[0043] The reservoir R-2 can be used as a reaction 
flask and is equipped with a magnetic transmission stir- 
rer. 

[0044] The liquified gas can also be tranf erred via the 
condenser C-2 to the pump P-1. From P-1, fluid can be 
fed back to reservoir via valve V4 and the condenser C- 
1. 

[0045] Alternately, from the pump P-l, the fluid can be 
heated by the heat exhanger H-1 and fed to the reser- 
voir R-2 via valve V5, or fod to the bottom side of reser- 
voir R-3 via valve V-6, or to the top side of reservoir R-3 
via valve V-7. 



[0046] Liquids, solutions, fluids, subcritical fluid or 
supercritical fluid existing in reservoir R-2 can be taken 
out and transferred via valve V-8 by the pump P-2. 
Inversely, substances stored in pump P-2 can be intro- 
5 duced back inside reservoir R-2, via valve V-8. Pump P- 
2 can also be used to transfer materials from the reser- 
voir R-2 via the heat exchanger H-2 to reservoir R-3 via 
valve V9. Possibly, valve V10 can be used to equilibrate 
the pressure between the pump P-2 circuit and the res- 
re ervoir R-2. 

[0047] Reservoir R-2 can be used as reaction flask for 
coating particles, for dissolving substances, for particles 
formations, for emulsions, for coacervation, for precipi- 
tation, for coprecipitation, for cristallisation, for desol- 
15 vatation, for polymerization, for interfacial 
polymerisation, for polycondensation... The same oper- 
ation can be done in reservoir R-3, or both reservoirs 
can be used in the same time, or inturn of each others, 
or in combination to each others. Reservoir R-3 and its 
20 heating or cooling jacket is designed to create gradient 
of temperature and density inside, thus assuming, if 
necessary, an internal turbulence in the fluid during 
experimental conditions. 

[0048] Contents of reservoir R-2 can be fed via valve 

25 V1 1 to the pressure controlling valve V12. In a similar 
way, the reservoir R-3 is also branched via V13 or V14 
to the pressure controlling valve V1 2. Valve V12 is used 
to control the pressure during operations. From V12, via 
the heat exchanger H-3, the fluid can be decompressed 

30 in the separator S-1. From the separator S1, the gas 
phase can be recycled via V15 back to the reservoir R- 
1. All containers are equipped with a pressure jauge 
(PJ), an exhaut valve to atmosphere (Vair) and, or, drain 
valves (Vdrain). 

35 [0049] Each reservoir and separator are equipped 
with separated cooling and heating jacket (TC) giving 
the possibility to obtain various temperatures at different 
places of the apparatus. The apparatus is also 
equipped with several windows in oder to see inside 

40 containers and with the necessary security valves and 
filtering devices not shown on the figure. 
[0050] Example 1. 1.3 g Gelucire 50/02, an inert 
excipient derived from natural hydrogenated food-grade 
fats and oils (Source: Gattefosse S.A., F-69800 Saint 

45 Priest, France) is placed in a sealed sac formed from 
coffee filter paper, said sac then being attached to the 
shaft of the agitator placed in an autoclave (1 .5 L capac- 
ity). 3.0 g HPMCP-55 (Source: Eastman, Kingsport, 
Tenn., USA) is then added to the autoclave as a free 

so powder. The autoclave is sealed, agitation is initiated 
(430 RPM), and the interior of the autoclave is pressu- 
rized by addition of CO2 to the autoclave. Once the 
autoclave is pressurized by the C0 2 , the temperature of 
the contents of the autoclave is increased to 35°C. At 

55 this point the pressure of the interior of the autoclave is 
1 10 bar, so C0 2 inside the autoclave is in the SCF state. 
The system is allowed to equilibrate under these condi- 
tions for 1 hr in order to allow the Gelucire 50/02 initially 
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inside the sac sufficient time to dissolve in the SCF and 
migrate into the volume of the autoclave in which the 
particles of HPMCP-55 are suspended in the SC C0 2 . 
The temperature of the sealed autoclave is then slowly 
reduced to 27°C at an essentially linear rate over a 17 
min period from 35°C thereby causing the SC C0 2 sus- 
pending phase to become a mixture of liquid and gase- 
ous C0 2 , said particles of HPMCP-55 being now 
suspended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 
particles of HPMCP-55 coated with a component of the 
Gelucire 50/02 (Gelucire 50/02 is a mixture of compo- 
nents, so the SCF process used selectively dissolves 
only certain components of the initial Gelucire 50/02 
sample, in this case said components have a melting 
range of 35-40°C as shown by differential scanning 
calorimetry analysis of the coated particles. When the 
coated HPMCP-55 particles are placed in pH 10 buffer 
and observed microscopically, it is found that they dis- 
solve at a significantly slower rate than uncoated 
HPMCP-55 due to the presence of the coating compo- 
nents extracted from Gelucire 50/02 that were depos- 
ited on the various surfaces of said particles by the SCF 
coating process. 

[0051] Example 2. 1.3 g Gelucire 50/02, an inert 
excipient derived from natural hydrogenated food-grade 
fats and oils (Source: Gattefosse S.A., F-69800 Saint 
Priest, France) is placed in a sealed sac formed from 
coffee filter paper, said sac then being attached to the 
shaft of the agitator placed in an autoclave (1 .5 L capac- 
ity). 

[0052] 3.0 g bovine serum albumin (BSA) (Source: 
Sigma, St. Louis, MO, USA) is then added to the auto- 
clave as a free powder. The autoclave is sealed agita- 
tion is initiated (440 RPM), and the interior of the 
autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 1 10 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Gelucire 50/02 initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of BSA are sus- 
pended in the SC C0 2 . The temperature of the sealed 
autoclave is then reduced to 27°C by cooling at an 
essentially linear rate over a 17 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of BSA coated 
with a component of the Gelucire 50/02 (Gelucire 50/02 
is a mixture of components melting, so the SCF process 
used selectively dissolves only certain components of 
the initial Gelucire 50/02 sample, in this case said com- 
ponents have a melting range of 35-40°C as shown by 



differential scanning calorimetry analysis of the coated 
particles. When the coated BSA particles are placed in 
water and observed microscopically, it is found that they 
dissolve at a slower rate than uncoated BSA due to the 

5 presence of coating material derived by extracting com- 
ponents from Gelucire 50/02, said components being 
deposited on the various surfaces of said particles by 
the SCF coating process disclosed. 
[0053] Figure 2A shows the starting material (BSA) 

10 observed under optical microscope. It can be seen that 
BSA appears as thin transparent plates. Figure 2B 
shows the BSA sample after treatment with Gelucire 
50/02 used as the coating material. The sample is cov- 
ered by a thin layer of gelucire and become opaque to 

is the light. 

[0054] Example 3. 1.3 g Gelucire 50/02, an inert 
excipient derived from natural hydrogenated food-grade 
fats and oils (Source: Gattefosse S.A., F-69800 Saint 
Priest, France) is placed in a sealed sac formed from 
20 coffee filter paper, said sac then being attached to the 
shaft of the agitator placed in an autoclave (1 .5 L capac- 
ity). 

[0055] 3.0 g hemoglobin (Hb) (Source: Sigma, St. 
Louis, MO, USA) is then added to the autoclave as a 

25 free powder. The autoclave is sealed, agitation is initi- 
ated (460 RPM), and the interior of the autoclave is 
pressurized by addition of C0 2 to the autoclave. Once 
the autoclave is pressurized by the C0 2> the tempera- 
ture of the contents of the autoclave is increased to 

30 35°C. At this point the pressure of the interior of the 
autoclave is 1 1 0 bar, so C0 2 inside the autoclave is in 
the SCF state. The system is allowed to equilibrate 
under these conditions for 1 hr in order to allow the 
Gelucire 50/02 initially inside the sac sufficient time to 

35 dissolve in the SCF and migrate into the volume of the 
autoclave in which the particles of Hb are suspended in 
the SC C0 2 . The temperature of the sealed autoclave is 
then slowly reduced to 27°C at an essentially linear rate 
over a 1 7 min period from 35°C thereby causing the SC 

40 C0 2 suspending phase to become a mixture of liquid 
and gaseous C0 2 , said particles of Hb being now sus- 
pended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 
particles of Hb coated with a component of the Gelucire 

45 50/02 (Gelucire 50/02 is a mixture of components, so 
the SCF process used selectively dissolves only certain 
components of the initial Gelucire 50/02 sample, in this 
case said components have a melting range of 35-40°C 
as shown by differential scanning calorimetry analysis 

so of the coated particles. When the coated Hb particles 
are placed in water and observed microscopically, it is 
found that they dissolve at a significantly slower rate 
than uncoated Hb due to the presence of the Gelucire 
50/02 coating deposited on the various surfaces of said 

55 particles by the SCF coating process. 

[0056] Example 4. 1.3 g Gelucire 50/02, an inert 
excipient derived from natural hydrogenated food-grade 
fats and oils (Source: Gattefosse S.A., F-69800 Saint 
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Priest, France) is placed in a sealed sac formed from 
coffee filter paper, said sac then being attached to the 
shaft of the agitator placed in an autoclave (1 .5 L capac- 
ity). 

[0057] 3.0 g erythrosine E (Source: Sigma, St. Louis, 
MO, USA) is then added to the autoclave as a free pow- 
der. The autoclave is sealed, agitation is initiated (440 
RPM), and the interior of the autoclave is pressurized by 
addition of C0 2 to the autoclave. Once the autoclave is 
pressurized by the C0 2 , the temperature of the contents 
of the autoclave is increased to 35°C. At this point the 
pressure of the interior of the autoclave is 110 bar, so 
C0 2 inside the autoclave is in the SCF state. The sys- 
tem is allowed to equilibrate under these conditions for 
1 hr in order to allow the Gelucire 50/02 initially inside 
the sac sufficient time to dissolve in the SCF and 
migrate into the volume of the autoclave in which the 
particles of erythrosine E are suspended in the SC C0 2 . 
The temperature of the sealed autoclave is then slowly 
reduced to 27°C at an essentially a linear rate over a 1 7 
min period from 35°C thereby causing the SC C0 2 sus- 
pending phase to become a mixture of liquid and gase- 
ous C0 2 , said particles of erythrosine E being now 
suspended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 
particles of erythrosine E coated with a component of 
the Gelucire 50/02 (Gelucire 50/02 is a mixture of com- 
ponents, so the SCF process used selectively dissolves 
only certain components of the initial Gelucire 50/02 
sample, in this case said components have a melting 
range of 35-40° C as shown by differential scanning 
calorimetry analysis if the coated particles. When the 
coated erythrosine E particles are placed in water and 
observed microscopically, it is observed that they dis- 
solve at a significantly slower rate than uncoated eryth- 
rosine E due to the presence of the coating deposited 
on the various surfaces of said particles by the SCF 
coating process. 

[0058] Example 5. 1.3 g Gelucire 50/02, an inert 
excipient derived from natural hydrogenated food-grade 
fats and oils (Source: Gattefosse S.A., F-69800 Saint 
Priest, France) is placed in a sealed sac formed from 
coffee filter paper, said sac then being attached to the 
shaft of the agitator placed in an autoclave (1 .5 L capac- 
ity). 

[0059] 3.0 g Juvamine, a commercial vitamin C formu- 
lation that contains primarily sucrose (Source: SED, 
Paris, France) is then added to the autoclave as a free 
powder. The autoclave is sealed, agitation is initiated 
(440 RPM), and the interior of the autoclave is pressu- 
rized by addition of C0 2 to the autoclave. Once the 
autoclave is pressurized by the C0 2 , the temperature of 
the contents of the autoclave is increased to 35°C. At 
this point the pressure of the interior of the autoclave is 
1 10 bar, so C0 2 inside the autoclave is in the SCF state. 
The system is allowed to equilibrate under these condi- 
tions for 1 hr in order to allow the Gelucire 50/02 initially 
inside the sac sufficient time to dissolve in the SCF and 



migrate into the volume of the autoclave in which the 
particles of Juvamine are suspended in the SC C0 2 . 
The temperature of the sealed autoclave is then slowly 
reduced to 27°C at an essentially linear rate over a 17 

5 min period from 35°C thereby causing the SC C0 2 sus- 
pending phase to become a mixture of liquid and gase- 
ous C0 2 , said particles of Juvamine being now 
suspended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 

10 particles of Juvamine coated with a component of the 
Gelucire 50/02 (Gelucire 50/02 is a mixture of compo- 
nents, so the SCF process used selectively dissolves 
only certain components of the initial Gelucire 50/02 
sample, in this case said components have a melting 

T5 range of 35-40°C as shown by differential scanning 
calorimetry analysis of the coated particles. When the 
coated Juvamine particles are placed in water and 
observed microscopically, it is found that they dissolve 
at a significantly slower rate than uncoated particles due 

20 to the presence of the coating of the Gelucire 50/02 
components deposited on the various surfaces of said 
particles by the SCF coating process. 
[0060] Figure 3 shows a sample Juvamine covered by 
a thin layer of Gelucire 50/02 after 5 minutes in water. It 

25 can be seen that when the core materials is dissolved it 
remains a shell of gelucire which has the same shape 
as the covered cristal. In the central part of the picture, 
such shell was destroyed under the microscope by 
mechanical action of needle. It can be seen from the 

30 remaining material that the shell is formed by a very thin 
layer of gelucire. 

[0061] Example 6. 5.0 g beeswax is placed in a 
sealed sac formed from coffee filter paper, said sac then 
being attached to the shaft of the agitator placed in an 

35 autoclave (1 .5 L capacity). 2.0 BSA (Source: Sigma, St. 
Louis, MO, USA) is then added to the autoclave as a 
free powder. The autoclave is sealed, agitation is initi- 
ated (440 RPM), and the interior of the autoclave is 
pressurized by addition of C0 2 to the autoclave. Once 

40 the autoclave is pressurized by the C0 2 , the tempera- 
ture of the contents of the autoclave is increased to 
35°C. At this point the pressure of the interior of the 
autoclave is 110 bar, so C0 2 inside the autoclave is in 
the SCF state. The system is allowed to equilibrate 

45 under these conditions for 1 hr in order to allow the 
Gelucire 50/02 initially inside the sac sufficient time to 
dissolve in the SCF and migrate into the volume of the 
autoclave in which the particles of BSA are suspended 
in the SC C0 2 . The temperature of the sealed autoclave 

so is then slowly reduced to 27°C at an essentially linear 
rate over a 1 7 min period from 35°C thereby causing the 
SC C0 2 suspending phase to become a mixture of liq- 
uid and gaseous C0 2 , said particles of BSA being now 
suspended in the former. The autoclave is subsequently 

55 slowly depressurized to atmospheric pressure to yield 
particles of BSA coated with a component of the 
beeswax (beeswax is a mixture of components, so the 
SCF process used selectively dissolves only certain 
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components of the initial beeswax sample, in this case 
said components have a melting range of 35-45°C as 
shown by differential scanning calorimetry analysis of 
the coated particles). When the coated BSA particles 
are placed on a glass slide and a drop of water is 5 
dropped on the particles on the slide, microscopic 
observation established that the coated BSA particles 
dissolved at a significantly slower rate than uncoated 
BSA particles due to the coating of the beeswax compo- 
nents deposited on the various surfaces of said parti- w 
cles by the SCF coating process. Indeed, it appeared 
that little BSA dissolved during an observation period of 
5-10 min. 

[0062] Figure 4 shows BSA covered by a thin layer of 
beeswax. It can be seen that this sample is floating of is 
the top a water drop. This shows the strong wettability 
difference existing between the treated sample and the 
starting material. Indeed the untreated starting material 
is completely soluble in water and thus can not stay on 
the surface of a water drop. 20 
[0063] Example 7. 2.0 g paraffin wax 52-54 (Source: 
RP Prolabo, Paris, France) is placed in a sealed sac 
formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 3.0 BSA (Source: Sigma, St. 25 
Louis, MO, USA) is then added to the autoclave as a 
free powder. The autoclave is sealed, agitation is initi- 
ated (440 RPM), and the interior of the autoclave is 
pressurized by addition of C0 2 to the autoclave. Once 
the autoclave is pressurized by the C0 2 , the tempera- 30 
ture of the contents of the autoclave is increased to 
35°C. At this point the pressure of the interior of the 
autoclave is 11 0 bar, so C0 2 inside the autoclave is in 
the SCF state. The system is allowed to equilibrate 
under these conditions for 1 hr in order to allow the par- 35 
affin wax 52-54 initially inside the sac sufficient time to 
dissolve in the SCF and migrate into the volume of the 
autoclave in which the particles of BSA are suspended 
in the SC C0 2 . The temperature of the sealed autoclave 
is then slowly reduced to 27°C at an essentially linear 40 
rate over a 1 7 min period from 35°C thereby causing the 
SC C0 2 suspending phase to become a mixture of liq- 
uid and gaseous C0 2 , said particles of BSA being now 
suspended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 45 
particles of BSA coated with a component of the paraf- 
fin wax 52-54 (paraffin wax 52-54 is a mixture of compo- 
nents, so the SCF process used selectively dissolves 
only certain components of the initial paraffin wax 52-54 
sample), in this case said components have a melting so 
range of 50-52°C as shown by differential scanning 
calorimetry analysis of the coated particles. When the 
coated BSA particles are placed on a glass slide and a 
drop of water is dropped on the particles on the slide, 
microscopic observation established that the coated 55 
BSA particles were wetted with much more difficulty 
than uncoated BSA particles due to the presence of the 
paraffin 52-54 components deposited on the various 



surfaces of said particles by the SCF coating process. 
[0064] Example 8. 5.0 g of the triglyceride of myristic 
acid, sold as Dynasan 114 (Source: Huls Aktiengells- 
chaft, D-W-4370 Marl, Germany) is placed in a sealed 
sac formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 1.5 g bovine serum albumin 
(BSA) (Source: Sigma, St. Louis, MO, USA) is then 
added to the autoclave as a free powder. The autoclave 
is sealed, agitation is initiated (440 RPM), and the inte- 
rior of the autoclave is pressurized by addition of C0 2 to 
the autoclave. Once the autoclave is pressurized by the 
C0 2 , the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 1 10 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Dynasan 114 initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of BSA are sus- 
pended in the SC C0 2 . The temperature of the sealed 
autoclave is then reduced to 27°C by cooling at an 
essentially linear rate over a 17 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of BSA coated 
with a component of the Dynasan 114 sample used(it 
contains a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial Dynasan 1 14 sample), in this case said com- 
ponents have a melting range of 50-55°C as shown by 
differential scanning calorimetry analysis of the coated 
particles. 

[0065] When the coated BSA particles are placed in 
water and observed microscopically, it is found that they 
were more difficult to wet than uncoated BSA due to the 
presence of the Dynasan 1 1 4 components deposited on 
the various surfaces of said particles by the SCF coat- 
ing process disclosed. 

[0066] Example 9. 5.0 g of stearic acid (Source: 
Merck, Schuchardt, Germany) is placed in a sealed sac 
formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1 .5 L capacity). 3 g bovine serum albumin (BSA) 
(Source: Sigma, St. Louis, MO, USA) is then added to 
the autoclave as a free powder. The autoclave is sealed, 
agitation is initiated (450 RPM), and the interior of the 
autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 1 1 0 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the srearic acid initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
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of the autoclave in which the particles of BSA are sus- 
pended in the SC C0 2 . The temperature of the sealed 
autoclave is then reduced to 27°C by cooling at an 
essentially linear rate over a 1 7 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2> said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of BSA coated 
with a component of the stearic acid sample used (it 
contains a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial stearic acid sample), in this case said compo- 
nents have a melting range of 50-55°C as shown by dif- 
ferential scanning calorimetry analysis of the coated 
particles. When the coated BSA particles are placed in 
water and observed microscopically, it is found that they 
are more difficult to wet than uncoated BSA due to the 
presence of the stearic acid components deposited on 
the various surfaces of said particles by the SCF coat- 
ing process disclosed. 

[0067] Example 10. 2.0 g of stearyl alcohol (Source: 
Janssen, Belgium) is placed in a sealed sac formed 
from coffee filter paper, said sac then being attached to 
the shaft of the agitator placed in an autoclave (1.5 L 
capacity). 3 g bovine serum ablbumin (BSA) (Source: 
Sigma, St. Louis, MO, USA) is then added to the auto- 
clave as a free powder. The autoclave is sealed, agita- 
tion is initiated (440 RPM), and the interior of the 
autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 110 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Gelucire 50/13 initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of BSA are sus- 
pended in the SC C0 2 . The temperature of the sealed 
autoclave is then reduced to 27°C by cooling at an 
essentially linear rate over a 1 7 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 
ticles of BSA being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of BSA coated 
with a component of the stearyl alcohol sample used (it 
contains a mixture of components, so the SCF process 
used selectively dissolves only certain components of 
the initial stearyl alcohol sample), in this case said com- 
ponents have a melting range of 52-62°C as shown by 
differential scanning calorimetry analysis of the coated 
particles. When the coated BSA particles are placed in 
water and observed microscopically, it is found that they 
are more difficult to wet than than uncoated BSA due to 
the presence of the stearyl alcohol components depos- 
ited on the various surfaces of said particles by the SCF 



coating process disclosed. 

[0068] Example 11. 2.0 g paraffin wax 52-54 
(Source:RP Prolabo, Paris, France ) is placed in a 
sealed sac formed from coffee filter paper, said sac then 

5 being attached to the shaft of the agitator placed in an 
autoclave (1.5 L capacity). 3.0 g hemoglobin (Hb) 
(Source: Sigma, St. Louis, MO, USA) is then added to 
the autoclave as a free powder. The autoclave is sealed, 
agitation is initiated (240 RPM), and the interior of the 

10 autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 1 10 bar, so C0 2 inside the auto- 

15 clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the paraffin wax 52 initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of Hb are sus- 

20 pended in the SC C0 2 . The temperature of the sealed 
autoclave is then slowly reduced to 27°C at an essen- 
tially linear rate over a 17 min period from 35°C thereby 
causing the SC C0 2 suspending phase to become a 
mixture of liquid and gaseous C0 2 , said particles of Hb 

25 being now suspended in the former. The autoclave is 
subsequently slowly depressurized to atmospheric 
pressure to yield particles of Hb coated with a compo- 
nent of the paraffin wax 52-54 (paraffin wax 52-54 is a 
mixture of components, so the SCF process used selec- 

30 tively dissolves only certain components of the initial 
paraffin wax 52-54 sample), in this case said compo- 
nents have a melting range of 50-52°C as shown by dif- 
ferential scanning calorimetry analysis of the coated 
particles. When the coated Hb particles are placed in 

35 water and observed microscopically, it is found that they 
are more difficult to wet than uncoated Hb due to the 
presence of the paraffin wax 52-54 components depos- 
ited on the various surfaces of said particles by the SCF 
coating process. Numerous flat plates and needles of 

40 crystalline paraffin 52-54 were attached to the Hb parti- 
cles in such a manner that they grew away from the Hb 
particles in essentially a perpendicular direction. 
[0069] Example 12. 2.0 g paraffin wax 52 (Source: RP 
Prolabo, Paris, France ) is placed in a sealed sac 

45 formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 3.0 g Juvamine, a commercial 
mixture of vitamin C and primarily sucrose (Source: 
SED, Paris, France) is then added to the autoclave as a 

so free powder. The autoclave is sealed, agitation is initi- 
ated (440 RPM), and the interior of the autoclave is 
pressurized by addition of C0 2 to the autoclave. Once 
the autoclave is pressurized by the C0 2 , the tempera- 
ture of the contents of the autoclave is increased to 

55 35°C. At this point the pressure of the interior of the 
autoclave is 110 bar, so C0 2 inside the autoclave is in 
the SCF state. The system is allowed to equilibrate 
under these conditions for 1 hr in order to allow the par- 
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affin wax 52 initially inside the sac sufficient time to dis- 
solve in the SCF and migrate into the volume of the 
autoclave in which the particles of Juvamine are sus- 
pended in the SC C0 2 . The temperature of the sealed 
autoclave is then slowly reduced to 27°C at an essen- 
tially linear rate over a 17 min period from 35°C thereby 
causing the SC C0 2 suspending phase to become a 
mixture of liquid and gaseous C0 2 , said particles of 
Juvamine being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of Juvamine 
coated with a component of the paraffin wax 52-54 (par- 
affin wax 52-54 is a mixture of components, so the SCF 
process used selectively dissolves only certain compo- 
nents of the initial paraffin wax 52-54 sample), in this 
case said components are shown to have a melting 
range of 50-52°C as shown by differential scanning 
calorimetry analysis of the coated particles. When the 
coated Juvamine particles are placed in water and 
observed microscopically, it is found that they are more 
difficult to wet than uncoated Juvamine due to the pres- 
ence of the paraffin wax 52-54 components deposited 
on the surface of said particles by the SCF coating proc- 
ess. When the contents of the coated particles of the 
Juvamine sample have completely dissolved in water, 
there is left a fragile shell of water- insoluble coating 
material that retains the geometry and external struc- 
ture of uncoated crystals of sucrose, the primary com- 
ponent of Juvamine. 

[0070] Example 13. 5.0 g beeswax (Source : APIS 
Centre Liegeois, VISE, Belgium) is placed in a scaled 
sac formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 1.9 g hemoglobin (Hb) (Source: 
Sigma, St. Louis, MO, USA) is then added to the auto- 
clave as a free powder. The autoclave is scaled, agita- 
tion is initiated (220 RPM), and the interior of the 
autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 1 10 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the beeswax initially inside the sac sufficient time 
to dissolve in the SCF and migrate into the volume of 
the autoclave in which the particles of hemoglobin are 
suspended in the SC C0 2 . The temperature of the 
scaled autoclave is then slowly reduced to 27°C at an 
essentially linear rate over a 17 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 
ticles of hemoglobin being now suspended in the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of 
hemoglobin coated with a component of the beeswax 
(beeswax is a mixture of components, so the SCF proc- 
ess used selectively dissolves only certain components 



of the initial beeswax sample). When the coated hemo- 
globin particles are placed in water and observed micro- 
scopically, it is found that they are more difficult to wet 
than uncoated hemoglobin due to the presence of the 

5 beeswax components deposited on the surface of said 
particles by the SCF coating process. Figure 5 shows 
said coated hemoglobin particles standing on the sur- 
face of a water drop. The uncoated starting material 
(hemoglobin) did not behave this way because it is 

w immediatly dissolved into the water drop. 

[0071] Example 14. 5.0 g beeswax (Source: APIS 
Centre Liegeois, VISE, Belgium) is placed in a scaled 
sac formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 

15 clave (1.5 L capacity). 2.0 g Juvamine, a commercial 
mixture of vitamin C and primarily sucrose (Source: 
SED, Paris, France) is then added to the autoclave as a 
free powder. The autoclave is sealed, agitation is initi- 
ated (440 RPM), and the interior of the autoclave is 

20 pressurized by addition of C0 2 to the autoclave. Once 
the autoclave is pressurized by the C0 2 , the tempera- 
ture of the contents of the autoclave is increased to 
35°C. AT this point the pressure of the interior of the 
autoclave is 110 bar, so C0 2 inside the autoclave is in 

25 the SCF state. The system is allowed to equilibrate 
under these conditions for 1 hr in order to allow the 
beeswax initially inside the sac sufficient time to dis- 
solve in the SCF and migrate into the volume of the 
autoclave in which the particles of Juvamine are sus- 

30 pended in the SC C0 2 . The temperature of the scaled 
autoclave is then slowly reduced to 25° C at an essen- 
tially linear rate over a 20 min period from 35°C thereby 
causing the SC C0 2 suspending phase to become a 
mixture of liquid and gaseous C0 2 , said particles of 

35 Juvamine being now suspended in the former. The 
autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of Juvamine 
coated with a component of the beeswax (beeswax is a 
mixture of components, so the SCF process used selec- 

40 tively dissolves only certain components of the initial 
beexwas sample). When the coated Juvamine particles 
are placed in water and observed microscopically, it is 
found that they are more difficult to wet than uncoated 
Juvamine due to the presence of the beeswas compo- 

45 nents deposited on the surface of said particles by the 
SCF coating process. When the contents of the coated 
particles of the Juvamine sample have completely dis- 
solved in water, there is left a fragile shell of water-insol- 
uble coating material that retains the geometry and 

so external structure of uncoated crystals of sucrose, the 
primary component of Juvamine. On figure 6 the left 
part shows untreated strati ng material and the beeswax 
coated sample is placed on the right part of the picture. 
This is a picture obtained under the microscope. When 

55 a drop of water is placed in such a way that it covers 
both samples at the same time, it can been seen (Figure 
7) that after 1 5 sec the cristals of the left are under dis- 
solution while at the right the water does not dissolve 
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the sample with the same velocity. The figure 8 shows 
the same samples after 2 minutes under the water drop, 
it is clear that the starting cristals are completely dis- 
solved (on the left) and that the coated cristals (at the 
right) are not yet completely be dissolved. 
[0072] Example 15. 5.0 g beeswax (Source: APIS 
Centre Liegeois, VISE, Belgium) is placed in a scaled 
sac formed from coffee filter paper, said sac then being 
attached to the shaft of the agitator placed in an auto- 
clave (1.5 L capacity). 12 g acetaminophen is then 
added to the autoclave as a free powder. The autoclave 
is scaled, agitation is initiated (220 RPM), and the inte- 
rior of the autoclave is pressurized by addition of C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 110 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate uner these conditions for 1 hr in order to 
allow the beexwax initially inside the sac sufficient time 
to dissolve in the SCF and migrate into the volume of 
the autoclave in which the particles of acetaminophen 
are suspended in the SC C0 2 . The temperature of the 
scaled autoclave is then slowly reduced to 27°C at an 
essentially linear rate over a 1 7 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2> said par- 
ticles of acetaminophen being now suspended in the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of aceta- 
minophen coated with a component of the beeswax 
(beeswax is a mixture of components, so the SCF proc- 
ess used selectively dissolves only certain components 
of the initial beeswax sample). When the coated aceta- 
minophen particles are placed in water and observed 
microscopically, it is found that they are more difficult to 
wet than uncoated acetaminophen due to the presence 
of the beeswax components deposited on the surface of 
said particles by the SCF coating process. When the 
coated acetaminophen particles are tasted orally, a sig- 
nificant taste making effect is obtained. 
[0073] Example 16. 5.0 g white beeswax (Source: 
Cooperation Pharmaceutique Frangaise, Melun, 
France) is placed in a scaled sac formed from coffee fil- 
ter paper, said sac then being attached to the shaft of 
the agitator placed in an autoclave (1.5 L capacity). 2.0 
g Juvamine, a commercial mixture of vitamin C and pri- 
marily sucrose (Source: SED, Paris, France) is then 
added to the autoclave as a free powder. The autoclave 
is scaled, agitation is initiated (440 RPM) and the inte- 
rior of the autoclave is pressurized by addition of C0 2 to 
the autoclave. Once the autoclave is pressurized by the 
C0 2 , the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 110 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the white beeswax initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 



of the autoclave in which the particles of Juvamine are 
suspended in the SC C0 2 . The temperature of the 
sealed autoclave is then slowly reduced to 25°C at an 
essentially linear rate over a 20 min period from 35°C 

5 thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 
ticles of Juvamine being now suspended in the former. 
The autoclave is subsequently slowly depressurized to 
atmospheric pressure to yield particles of Juvamine 

10 coated with a component of the white beeswax (white 
beeswax is a mixture of components, so the SCF proc- 
ess used selectively dissolves only certain components 
of the initial white beeswax sample). When the coated 
Juvamine particles are placed in water and observed 

T5 microscopically, it is found that they are more difficult to 
wet than uncoated Juvamine due to the presence of the 
white beeswax components deposited on the surface of 
said particles by the SCF coating process. When the 
contents of the coated particles of the Juvamine sample 

20 have completely dissolved in water, there is left a fragile 
shell of water-insoluble coating material that retains the 
geometry and external structure of uncoated crystals of 
sucrose, the primary component of Juvamine. 
[0074] Example 17. 5.0 g white beeswax (Source: 

25 Cooperation Pharmaceutique Frangaise, Melun, 
France) is placed in a scaled sac formed from coffee fil- 
ter paper, said sac then being attached to the shaft of 
the agitator placed in an autoclave (1.5 L capacity). 2.0 
g Xylitol (Source: Roquette Freres Lestrem, France) is 

30 then added to the autoclave as a free powder, the auto- 
clave is scaled, agitation is initiated (440 RPM), and the 
interior of the autoclave is pressurized by addition of 
C0 2 to the autoclave. Once the autoclave is pressurized 
by the C0 2 , the temperature of the contents of the auto- 

35 clave is increased to 35°C. At this point the pressure of 
the interior of the autoclave is 110 bar, so C0 2 inside 
the autoclave is in the SCF state. The system is allowed 
to equilibrate under these conditions for 1 hr in order to 
allow the white beeswax initially inside the sac sufficient 

40 time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of Xylitol are sus- 
pended in the SC C0 2 . The temperature of the sealed 
autoclave is then slowly reduced to 25°C at an essen- 
tially linear rate over a 20 min period from 35°C thereby 

45 causing the SC C0 2 suspending phase to become a 
mixture of liquid and gaseous C0 2 , said particles of Xyl- 
itol being now suspended in the former. The autoclave is 
subsequently slowly depressurized to atmospheric 
pressure to yield particles of Xylitol coated with a com- 

50 ponent of the white beeswax (white beeswax is a mix- 
ture of components, so the SCF process used 
selectively dissolves only certain components of the ini- 
tial white beeswax sample). When the coated Xylitol 
particles are placed in water and observed microscopi- 

55 cally, it is found that they are more difficult to wet than 
uncoated Xylitol due to the presence of the white 
beeswax components deposited on the surface of said 
particles by the SCF coating process. 
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[0075] Example 18. 5.1 g white beeswax (Source: 
Cooperation Pharmaceutique Frangaise, Melun, 
France) is placed in a scaled sac formed from coffee fil- 
ter paper, said sac then being attached to the shaft of 
the agitator placed in an autoclave (1 .5 L capacity). 2.0 
g potassium chloride (Source : Cooperation Pharma- 
ceutique Frangaise, Melun, France) is then added to the 
autoclave as a free powder. The autoclave is sealed, 
agitation is initiated (440 RPM), and the interior of the 
autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 
the temperature of the contents of the autoclave is 
increased to 35°C. At this point the pressure of the inte- 
rior of the autoclave is 1 10 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the white beeswax initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of potassium 
chloride are suspended in the SC C0 2 . The tempera- 
ture of the scaled autoclave is then slowly reduced to 
25°C at an essentially linear rate over a 20 min period 
from 35°C thereby causing the SC C0 2 suspending 
phase to become a mixture of liquid and gaseous C0 2 , 
said particles of potassium chloride being now sus- 
pended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 
particles of potassium chloride coated with a compo- 
nent of the white beeswax (white beeswax is a mixture 
of components, so the SCF process used selectively 
dissolves only certain components of the initial white 
beeswax sample). When the coated potassium chloride 
particles are placed in water and observed microscopi- 
cally, it is found that they are more difficult to wet than 
uncoated potassium chloride due to the presence of the 
white beeswax components deposited on the surface of 
said particles by the SCF coating process. 
[0076] Example 19. 0.842 g Myvacct 7-07 (Source: 
Eastman Chemical Company, Kingsport, TN 37662 
U.S.A.) is place in a scaled sac formed from coffee filter 
paper, said sac then being attached to the shaft of the 
agitator placed in an autoclave (1.5 L capacity). 5 g 
acetaminophen is then added to the autoclave as a free 
powder. The autoclave is scaled, agitation is initiated 
(440 RPM), and the interior of the autoclave is pressu- 
rized by additon of C0 2 to the autoclave is increased to 
35°C. At this point the pressure of the interior of the 
autoclave is 1 15 bar, so C0 2 inside the autoclave is in 
the SCF state. The system is allowed to equilibrate 
under these conditions for 1 hr in order to allow the 
beeswax initially inside the sac sufficient time to dis- 
solve in the SCF and migrate into the volume of the 
autoclave in which the particles of acetaminophen are 
suspended in the SC C0 2 . the temperature of the 
scaled autoclave is then slowly reduced to 27°C at an 
essentially linear rate over a 17 min period from 35°C 
thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 



ticles of acetaminophen being now suspended in the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of aceta- 
minophen coated with a component of the Myvacct 7-07 

5 (Myvacct 7-07 is a mixture of components, so the SCF 
process used selectively dissolves only certain compo- 
nents of the initial Myvacet 7-07 sample). When the 
coated acetaminophen particles are placed in water 
and observed microscopically, it is found that they are 

w more difficult to wet than uncoated acetaminophen due 
to the presence of the Myvacet 7-07 components 
deposited on the surface of said particles by the SCF 
coating process. 

[0077] Example 20. 4.87 g white beeswax (Source: 

15 Cooperation Pharmaceutique Frangaise, Melun, 
France) is placed in a scaled sac formed from coffee fil- 
ter paper, said sac then being attached to the shaft of 
the agitator placed in an autoclave (1.5 L capacity). 2.0 
g Gentamicin sulfate (Source: Cooperation Pharmaceu- 

20 tique Frangaise, Melun, France) is then added to the 
autoclave as a free powder. The autoclave is scaled, 
agitation is initiated (210 RPM), and the interior of the 
autoclave is pressurized by addition of C0 2 to the auto- 
clave. Once the autoclave is pressurized by the C0 2 , 

25 the temperature of the contents of the autoclave is 
increased to 45°C. At this point, the pressure of the inte- 
rior of the autoclave is 200 bar, so C0 2 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 

30 allow the white beeswax initially inside the sac sufficient 
time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of Gentamicin 
sulfate are suspended in the SC C0 2 . the temperature 
of the scaled autoclave is then slowly reduced to 20°C 

35 at an essentially linear rate over a 65 min period from 
45°C thereby causing the SC C0 2 suspending phase to 
become a mixture of liquid and gaseous C0 2 , said par- 
ticles of Gentamicin sulfate being now suspended in the 
former. The autoclave is subsequently slowly depressu- 

40 rized to atmospheric pressure to yield particles of Gen- 
tamicin sulfate coated with a component of the white 
beeswax (white beeswax is a mixture of components, so 
the SCF process used selectively dissolves only certain 
components of the innitial white beeswas sample). 

45 When the coated Gentamicin sulfate particles are 
placed in water and observed microscopically, it is found 
that they are much more difficult to wet than uncoated 
Gentamicin sulfate due to the presence of the white 
beeswax components deposited on the surface of said 

so particles by the SCF coating process. 

[0078] Example 21. 1.0295 g Inwitor 960F (Source: 
Huls France, 49100 Angers, France) is placed in a 
scaled sac formed from coffee filter paper, said sac then 
being attached to the shaft of the agitator placed in an 

55 autoclave (1.5 L capacity). 2.0811 g D,L-Methionine 
(Source: Sigma, St. Louis, MO, USA) is then added to 
the autoclave as a free powder. The autoclave is scaled, 
agitation is initiated (440 RPM), and the interior of the 
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autoclave is pressurized by addition of C02 to the auto- 
clave. Once the autoclave is pressurized by the C02, 
the temperature of the contents of the autoclave is 
increased to 45°C. At this point the pressure of the inte- 
rior of the autoclave is 195 bar, so C02 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Inwitor initially inside the sac sufficient time to 
dissolve in the SCF and migrate into the volume of the 
autoclave in which the particles of D.L-Methionine are 
suspended in the SCC02. The temperature of the 
scaled autoclave is then slowly reduced to 27°C at an 
essentially linear rate over a 27 min period from 45°C 
thereby causing the SC C02 suspending phase to 
become a mixture of liquid and gaseus C02, said parti- 
cles of D.L-Methionine being now suspended in the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of D.L- 
Methionine coated with a component of the Inwitor. 
When the coated D.L-Methionine particles are placed in 
water and observed microscopically, it is found that they 
are more difficult to wet than uncoated D.L-Methionine 
due to the presence of the Inwitor components depos- 
ited on the surface of said particles by the SCF coating 
process. Interesting taste masking is obtained. 
[0079] Example 22. 0.9576 g Inwitor 960F (Source: 
Huls France, 49100 Angers, France) is placed in a 
scaled sac formed from coffee filter paper, said sac then 
being attached to the shaft of the agitator placed in an 
autoclave (1.5 L capacity), 2.0085 g Xylitol (Source: 
Roquette Freres, Lestrem, France) is then added to the 
autoclave as a free powder. The autoclave is scaled, 
agitation is initiated (440 RPM), and the interior of the 
autoclave is pressurized by addition of C02 to the auto- 
clave. Once the autoclave is pressurized by the C02, 
the temperature of the contents of the autoclave is 
increased to 45°C. At this point the pressure of the inte- 
rior of the autoclave is 150 bar, so C02 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Inwitor initially inside the sac sufficient time to 
dissolve in the SCF and migrate into the volume of the 
autoclave in which the particles of Xylitol are suspended 
in the SCC02. The temperature of the scaled autoclave 
is then slowly reduced to 27°C at an essentially linear 
rate over a 27 min period from 45°C thereby causing the 
SC C02 suspending phase to become a mixture of liq- 
uid and gaseus C02, said particles of Xylitol being now 
suspended in the former. The autoclave is subsequently 
slowly depressurized to atmospheric pressure to yield 
particles of Xylitol coated with a component of the 
Inwitor. When the coated Xylitol particles are placed in 
water and obseved microscopically it is found that they 
are more difficult to wet than uncoated Xylitol due to the 
presence of the Inwitor components deposited on the 
surface of said particles by the SCF coating process. 
[0080] Example 23. 4.9804 g Syncrowax BB4 
(Source: Croda, North Humberside UK) is placed in a 



scaled sac formed from coffee filter paper, said sac then 
being attached to the shaft of the agitator placed in an 
autoclave (1.5 L capacity). 2,0397 g D.L-Methionine 
(Source: Sigma, St. Louis, MO, USA) is then added to 

5 the autoclave as a free powder. The autoclave is sealed, 
agitation is initiated (440 RPM) and the interior of the 
autoclave is pressurized by addition of C02 to the auto- 
clave. Once the autoclave is pressurized by the C02, 
the temperature of the contents of the autoclave is 

10 increased to 45°C. At this point the pressure of the inte- 
rior of the autoclave is 190 bar, so C02 inside the auto- 
clave is in the SCF state. The system is allowed to 
equilibrate under these conditions for 1 hr in order to 
allow the Syncrowax initially inside the sac sufficient 

15 time to dissolve in the SCF and migrate into the volume 
of the autoclave in which the particles of D,L-Methionine 
are suspended in the SCC02. The temperature of the 
scaled autoclave is then slowly reduced to 27°C at an 
essentially linear rate over a 27 min period from 45°C 

20 thereby causing the SC C02 suspending phase to 
become a mixture of liquid and gaseus C02, said parti- 
cles of D,L-Methionine being now suspended in the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of D,L- 

25 Methionine coated with a component of the Syncrowax. 
When the coated D,L- Methionine particles are placed in 
water and observed microscopically, it is found that they 
are more difficult to wet than uncoated D.L-Methionine 
due to the presence of the Syncrowax components 

30 deposited on the surface of said particles by the SCF 
coating process. Interesting taste masking is obtained. 
[0081 ] Example 24. 0.4567 g white beeswax (Source: 
Cooperation Pharmaceutique Frangaise, Melun, 
France) is placed in a scaled sac formed from coffee f il- 

35 ter paper, said sac then being attached to the shaft of 
the agitator placed in an autoclave (1.5 L capacity). 
2,0053 g D.L-Methionine (Source: Sigma, St. Louis, 
MO, USA) is then added to the autoclave as a free pow- 
der. The autoclave is scaled, agitation is initiated (440 

40 RPM), and the interior of the autoclave is pressurized by 
addition of C02 to the autoclave. Once the autoclave is 
pressurized by the C02, the temperature of the con- 
tents of the autoclave is increased to 45°C. At this point 
the pressure of the interior of the autoclave is 185 bar, 

45 so C02 inside the autoclave is in the SCF state. The 
system is allowed to equilibrate under these conditions 
for 1 hr in order to allow the white beeswax initially 
inside the sac sufficient time to dissolve in the SCF and 
migrate into the volume of the autoclave in which the 

so particles of D.L-Methionine are suspended in the 
SCC02. The temperature of the scaled autoclave is 
then slowly reduced to 27°C at an essentially linear rate 
over a 27 min period from 45°C thereby causing the SC 
C02 suspending phase to become a mixture of liquid 

55 and gaseus C02, said particles of D.L-Methionine being 
now suspended in the former. The autoclave is subse- 
quently slowly depressurized to atmospheric pressure 
to yield particles of D.L-Methionine coated with a com- 
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poent of the white beeswax. When the coated D,L- 
Methionine particles are placed in water and observed 
microscopically, it is found that they are more difficult to 
wet than uncoated D,L-Methionine due to the presence 
of the white beeswax components deposited on the sur- 5 
face of said particles by the SCF coating process. Inter- 
esting taste masking is obtained. 
[0082] Example 25. 0.1752 g Octadecanol (Source: 
Janssen, Beerse Belgium) is placed in a scaled sac 
formed from coffee filter paper, said sac being attached 10 
to the shaft of the agitator placed in a autoclave (1.5 L 
capacity). 2,000 g Acetylsalicylic acid (Source: Sigma, 
St. Louis, MO, USA) is then added to the autoclave as a 
free powder. The autoclave is scaled, agitation is initi- 
ated (440 RPM), and the interior of the autoclave is is 
pressurized by addition of C02 to the autoclave. Once 
the autoclave is pressurized by the C02, the tempera- 
ture of the contents of the autoclave is increased to 
45°C. At this point the pressure of the interior of the 
autoclave is 160 bar, so C02 inside the autoclave is in 20 
the SCF state. The system is allowed to equilibrate 
under these conditions for 1 hr in order to allow the 
Octadecanol initially inside the sac sufficient time to dis- 
solve in the SCF and migrate into the volume of the 
autoclave in which the particles of Acetylsalicylic acid 25 
are suspended in the SCC02. The temperature of the 
scaled autoclave is then slowly reduced to 27°C at an 
essentially linear rate over a 27 min period from 45°C 
thereby causing the SC C02 suspending phase to 
become a mixture of liquid and gaseus C02, said parti- 30 
cles of Acetylsalicylic acid being now suspended in the 
former. The autoclave is subsequently slowly depressu- 
rized to atmospheric pressure to yield particles of Ace- 
tylsalicylic acid coated with a component of the 
Octadecanol. When the coated Acetylsalicylic acid par- 35 
tides are placed in water and observed microscopically, 
it is found that they are more difficult to wet than 
uncoated Acetylsalicylic acid due to the presence of the 
Octadecanol components deposited on the surface of 
said particles by the SCF coating process. 40 
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Claims 

1. A process for entrapping an active substance in a 
coating material, said process being characterized 
in that it comprises : 

suspending said active substance in a super- 
critical fluid containing said coating material 
dissolved therein under conditions which do 
not cause a substantial swelling or dissolution 
effect on said active substance ; 
gradually reducing the temperature and/or 
pressure of said supercritical fluid under con- 
trolled conditions to reduce the solubility of said 
coating material in said supercritical fluid to 
cause said coating material to be deposited 
onto said active substance. 

2. A process according to claim 1, characterized in 
that said active substance is in the form of solid par- 
ticles or absorbed in a porous solid substrate and in 
that said solid particles or said porous solid sub- 
strate particles are constantly agitated during their 
exposure to the supercritical fluid containing the 
coating material dissolved therein. 

3. A process according to claim 1 or 2, characterized 
in that said active substance is a solid particle, and 
the conditions under which said coating material is 
deposited on said solid particle are chosen to main- 
tain the physical integrity of said solid particle 
throughout said process by avoiding solubilization 
of said solid particle in said supercritical fluid. 

4. A process according to any one of claims 1 to 3, 
characterized in that said process comprises a fur- 
ther step in which said coating material deposited 
onto said active substance is cured in a controlled 
manner. 

5. A process according to any one of claims 1 to 4, 
characterized in that said active substance and said 
coating material are placed in an autoclave which is 
then filled with a supercritical fluid under the condi- 
tions of temperature and pressure required to dis- 
solve said coating material in said supercritical 
fluid. 
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6. A process according to any one of claims 1 to 4, 
characterized in that said active substance is 
placed in an autoclave which is filled with a super- 
critical fluid containing said coating material dis- 
solved therein. 5 

7. A process according to claims 1 to 6, characterized 
in that said coating material is dissolved in a mix- 
ture comprising a SCF and an entrainer solvent in a 
concentration of 5 % or less, such as a ketone, an 10 
alcohol, an ether or a chlorinated solvent. 

Patentanspruche 

1. Verfahren zum EinschlieBen eines Wirkstoffs in is 
einem Beschichtungsmaterial, dadurch gekenn- 
zeichnet, daB es folgende Schritte umfaBt: 



2. Verfahren gemaB Anspruch 1, dadurch gekenn- 
zeichnet, daB der Wirkstoff in Form fester Partikel 
Oder absorbiert auf einem porosen festen Substrat 
vorliegt, und daB die festen Partikel Oder die poro- 35 
sen festen Substratpartikel wahrend der Einwir- 
kung des uberkritischen Fluids, das das 
Beschichtungsmaterial in geloster Form enthalt, 
standig bewegt werden. 

40 

3. Verfahren gemaB Anspruch 1 oder 2, dadurch 
gekennzeichnet, daB der Wirkstoff ein testes Parti- 
kel ist und daB die Bedingungen, unter denen das 
Beschichtungsmaterial auf dem festen Partikel 
abgeschieden wird, so gewahlt sind, daB die physi- 45 
kalische Vollstandigkeit des festen Parti kels wah- 
rend des gesamten Verfahrens durch die 
Vermeidung des Loslichmachens des festen Teil- 
chens im uberkritischen Fluid erhalten bleibt. 

50 

4. Verfahren gemaB einem der Anspruche 1 bis 3, 
dadurch gekennzeichnet, daB das Verfahren einen 
weiteren Schritt enthalt, in dem das Beschishtungs- 
material das auf dem Wirkstoff abgeschieden ist in 
kontrollierter Weise ausgehartet wird. 55 

5. Verfahren gemaB einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB der Wirkstoff und 



das Beschichtungsmaterial in einen Autoklaven 
gebracht werden, der dann unter den Temperatur- 
und Druckbedingungen mit einem uberkritischen 
Fluid gefullt wird, die notig sind, urn das Beschich- 
tungsmaterial im uberkritischen Fluid zu losen. 

6. Verfahren gemaB einem der Anspruche 1 bis 4, 
dadurch gekennzeichnet, daB der Wirkstoff in einen 
Autoklaven gebracht wird, der mit einem uberkriti- 
schen Fluid gefullt wird, das das Beschichtungsma- 
terial in geloster Form enthalt. 

7. Verfahren gemaB einem der Anspruche 1 bis 6, 
dadurch gekennzeichnet, daB das Beschichtungs- 
material in einer Mischung gelost wird, die ein SCF 
und ein Schleppmittel, wie ein Keton, einen Alkohol, 
einen Ether oder ein chloriertes Losungsmittel in 
einer Konzentration von 5 % oder weniger enthalt. 

Revendications 

1. Procede pour pieger une substance active dans 
une matiere de revetement, ledit procede etant 
caracterise en ce qu'il consiste : 

a mettre en suspension ladite substance active 
dans un fluide supercritique contenant ladite 
matiere de revetement dissoute dans celui-ci 
dans des conditions qui ne provoquent pas un 
effet de gonflement ou de dissolution sensible 
sur ladite substance active ; 
a diminuer progressivement la temperature 
et/ou la pression dudit fluide supercritique dans 
des conditions regulees afin de diminuer la 
solubilite de ladite matiere de revetement dans 
ledit fluide supercritique afin de provoquer une 
deposition de ladite matiere de revetement sur 
ladite substance active. 

2. Procede selon la revendication 1 , caracterise en ce 
que ladite substance active se trouve sous la forme 
de particules solides ou absorbee dans un substrat 
solide poreux et en ce que lesdites particules soli- 
des ou lesdites particules de substrat solide poreux 
sont constamment agitees pendant leur exposition 
au fluide supercritique contenant la matiere de 
revetement dissoute dans celui-ci. 

3. Procede selon la revendication 1 ou 2, caracterise 
en ce que ladite substance active est une particule 
solide et les conditions dans lesquelles ladite 
matiere de revetement est deposee sur ladite parti- 
cule solide sont choisies de fagon a maintenir I'inte- 
grite physique de ladite particule solide pendant 
tout ledit procede en evitant la solubilisation de 
ladite particule solide dans ledit fluide supercriti- 
que. 



5 



10 



Suspendieren des Wirkstoffs in einem uberkri- 
tischen Fluid, das das Beschichtungsmaterial 20 
in geloster Form enthalt, unter Bedingungen, 
die keinen erheblichen Quell- oder Losungsef- 
fekt auf den Wirkstoff zur Folge haben; 
allmahliches Reduzieren der Temperatur 
und/oder des Drucken dem uberkritischen 25 
Fluids unter kontrollierten Bedingungen, urn 
die Loslichkeit des Beschichtungsmaterials im 
uberkritischen Fluid zu verringern, urn so die 
Abscheidung des Beschichtungsmaterials auf 
dem Wirkstoff hervorzurufen. 30 
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Procede selon Tune quelconque des revendications 
1 a 3, caracterise en ce que I edit procede com- 
prend une etape supplemental dans laquelle 
ladite mature de rev§tement d6pos6e sur ladite 
substance active est durcie d'une maniere regulee. 5 

Procede selon Tune quelconque des revendications 
1 a 4, caracterise en ce que ladite substance active 
et ladite matiere de revetement sont placees dans 
un autoclave qui est ensuite rempli d'un fluide 10 
supercritique dans les conditions de temperature 
de pression necessaires a la dissolution de ladite 
matiere de revetement dans ledit fluide supercriti- 
que. 

15 

Procede selon Tune quelconque des revendications 
1 a 4, caracterise en ce que ladite substance active 
est placee dans un autoclave qui est rempli d'un 
fluide supercritique contenant ladite matiere de 
revetement dissoute dans celui-ci. 20 

Procede selon les revendications 1 a 6, caracterise 
en ce que ladite matiere de revetement est dissoute 
dans un melange comprenant un SCF et un solvant 
d'entraTnement en une concentration de 5 % ou 25 
moins, tel qu'une cetone, un alcool, un ether ou un 
solvant chlore. 
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